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(54) LASER ULTRASONIC INSPECTION DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To efficiently detect an inspected material 
in a narrow part, etc., without impairing remote and non-contact 
properties by carrying a laser beam for transmitting/receiving an 
ultrasound by using an optical fiber and a small- sized inspection probe 
of an optical system for irradiation or the like. 

SOLUTION: This device has a first laser light source 1, a second laser 
light source 4, an optical system 5 for reception, a signal conversion 
means 1 3, and a signal processing means SP. This device is further 
equipped with at least one optical fiber 24 for carrying the laser beam 
EL oscillated by the light source 1 into close proximity with the 
inspected material 3, and the optical system 25 for irradiation provided 
on the material 3 side end of the optical fiber 24 to irradiate the material 
3 with the laser beam EL under specified irradiating conditions. 
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mzmkszti&m 2 o i^-^^m-r^m 2 o u— ^ 
* ft <£> e » i - bi i- 5 <t a* ^ x x* is ft -r s it -*§- »i 
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X\t. WL&&tt3km&ls-1?ftELk<DteKttm\Z£ 
10 9 % &®&tt3lC&M^ 

[0006] is 4 2^^r. m^$nkmm<nis 
■s\ r/w=f^u-if x YAGis-~fti:¥<Dmmmm\s- 

[0 00 7] ^Lt, W-SJ^^IBWiS^PJaJw J: v m± 

-tzm. *<Dgjzmftztifcft£iiz\s—^ftPL<Dm 
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Sr«ft:S*fc»&fcmi:*«ii:ftD, (vo+Av) = 

[0 0 13] r<oj: 5JwWaE*ttfe7r^y • ^<n-# 
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[0 0 15] ^T^y • -<n3-^^l 7IH 
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Ts PMt^o) ftifO**Ul»l 3SrJfH*X«««^ 
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y 5/^7 a. ^>X8Sr^U-Ctfi»3E*r3 Ji<OW-»J^;(w 

[0019] ^lt, w-jBijR*sjia*ftosja^ jt 9 mtL 

tt'>7 ht5p ««*tt3rD»ffi*S3t^»«-a 
tttttf. Rlt3tePLI*»SLU -to— ffl*su^X9*jK 
■Cft77-f'<l OfCAtt^ttSo :^77-f/<10(D 

a^7t(4, *^y^ffl***i 1 tKt-Ax/y 
7b^u7 7 yy - ^p-*msi 7(^»^tt 

uyXl 2ioit^il3tt:'-A^^ p y y* 7 c ^rgt 
[0020]—*. ^-f*MLO-Sli, {^t*— ^ 

^y^7at^M^, ««aEW3&^£-ni 

#MRLRt«t'-A7/y -/*7 b^LT7 

*W&mi zfrh <os*t3te PLi iB* tr— a * ^ y y * 

[0 0 2 1] ±IS#Ba*RLtt, *K±T?l^» 

tttt*fis&ft r tm h fr<om& ic ± o x «{t; it^s 

«J»»i 9^Lt^7-i 7 b 
W^»ft«»2 0i:AAS?^ ^tH§fi80t±i^ 
fl-^- u-</u^— ^ <h 6 9 I- ^ 7 - 1 7 b $r»t5 
C t Id J: «9 *^§§fi r t »Jc*iBtt^"jBW-r S ^ <t ^ X 

[0 0 2 2] Z(D£?\cMfclsfz.^t\C£ *) s 
1 3«@^&ftffliJffl<OMHz»«cCDB^aS§S:. 5fett 
1 8 tctt^SLtgft^iaS^b^tofflOiB* kHzf 

Sc^fiasiasssr^^iLffli^sc t^x#. ^^^^ 

[0 0 2 3] 046 (C^-T^^O ^-fgfftft 

T^r^y --<n— *Jg»i 7Sr*iJ»-r-5*atH*P-C 
fe5o wn(4«iai-r-<#j@#j6fi-^Offlr«c (MHz^ 
«) ^77^y'^-«17(DMI@ffc6i 

Si - aK<D»n«« (»* kHz ««) <ir < 
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[0 0 2 4] 

ft< . ffiW8wi££teS:fT ottVXDis— J±<DBm 
[0 0 2 5] L^LftdSfe. 1ft«l36«-3(CttiRjta, K 

fritz-*). Kmmm<mm#mte<D&&^m&&&b 

[0 0 2 6] S*:, ^P><OtS«iaE*t3^*affli^*&- 
if<OS«ffl3t*3R 5 "C*ffl^riBft*ft*^«#/y -f X 
[0 0 2 7] HBR^*Kfl5(Ottffif^||IS:fflSU 
hft^*ffl^r««fflf4*T-«^-r-6i^3!^*> 

[0 0 2 8] -tC-C*5HBtt±IB*ft*%l*LrftS*t 

ftotntxDu— W-tK&ytyyt ^iBiWffl**»ft so 

8»tt*»ft:b-ric«K»ft ^^ffi^3E»*a^«Jtw^ 
2Ei" £ r £ <7)X-# 5 i^-- r 

[0 0 2 9] 

■.[HB*#^-rifca«)^a] ±E£>sjb 
^•^r^fc^om i o io-iryt&&m-rzm i ^ ^- 

2Ett*Biw ft 5SJt«j>*>e> sites** kbb-t * it « 
wiatftftacwifi^s-eeis-r^^ft < * t i^^*^r 

ro*7r-f^olffIB«*3Bt«i5fe«lJ:Rtt& so 



[0 0 3 0] S»3ftJg2E«W>*9itt\ tfi^aEtt-^iBSft 
^ 5fci«>{cSWStfi[ttaEfl-^Rait SixSfg 2 co u— 

eis^s w^ffi 1 - *$ it -5 sit^a* ?> hiies^zs 1- m-r 

JSB^fct^T, S&ffi»2^u-^ag^^^SUfcU— 

*ffi^fe«t*R»*»*ii(nES«ffl****T?e^-r5 

[0 0 3 1] H*S3E«^Kli, &&&mz&=g& 
rSfeib^WEtftttaEttirBaitSttS* 2 <D u-lF3te£ 

es^iei^ it s ri*/s;$m* b HfrE^wK \- m-r 
»*yau ^oiWEa^jftoeis^BB-rsflrwsrs^ 

o tP**WrE«**»5fiflF4T?fiilH-S^ft < £ t> 

BtfcWaEWWjfeMljiRrt ^nttrE^ 1 ^> t?3fe*fl(rE 

SfrE»2^U-i^3t^^SLfc^2<DU-1^ 
*SrfflE1R«aEtt'j£«*T-eaiL, ^offTE^2 0U- 
■^3feWlw J: oTKIt* tlftm 2 O u-if*OS(rEa«3S 
»*ffi^*5*t-5S»*»«:lWE««ffl**^*-eea6i- 

[0 0 3 2] »3ft3a4E«fcO«^tt % tfi»aE«"^jBSK 
1 ^ S:«f6-r£> SB 1 O u 

— »*3)C«Kfc, WlrEK**«-^»iLfe3H*iftf9#*S« 
^6fe««>{cSllfEtfttt*»twBa*t*ix5»2 0ix-i^3fe* 

E**a»*Klc*5it5S««»*^WEaflP»ElJ:H-*- 
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&&&ttftWikX*:ix*:ixBmv, ^oftjfefg 2 to 10 

«*WttijB5i6ft*±$ii:S3l 1 <£> u-if^M^K 'Vu 
^Mt6Nd : YAGU- »T'fc5r fcSrWffti: 20 

[0 0 3 4] »*«6 8Ett^*Mtt. »Ml*^l4 

2 0I/-f*W« 1 mWtftfc-rZNd :YAGl/-f(D 
[0 0 3 5] W*«7fEtt05*Wl±* «*«14^L4 

[0 0 3 6] »#*8E*W>S8Wl** »*«1*1>U4 
[0 0 3 7] M#«9IE«i<D«WrtU ft*5l4^L4 

[0 0 3 8] 0IBttO«nn. »**9ia*<?5 



[0 0 3 9] l!B«(D$gWWu 

SB l <D U'— r3t«^&*«**tfcJB 1 ^ u-^^3t7 
r ^ Am** fcfco fta£tf fcr^: 

[0 0 4 0] Lf:^ot, 11E«<0»M(- 
[0 04 1] 

/Cimt6^l-<1> 0 4 2 —El 4 6 (Dft^* 

So 

[0042] [sg 1 mmmmi m 1 t^- 

[0 04 3] ^HffiJKffl-cii. HI 1 ii^tJ; 5 l-SB l <£> 
i/-f*«i: LT<Djgf SMio i/-f M 1 

ft, ^fia^teRLftfflt^TSS^SIftlLfc^T^y "<n 

fcS^ttftPLft. l/4fc&K2 1. M3fcfc*--A*? p 
yy^7d, ;7-22, l/2z£gt£6 b^lt7 
7/y -^n-^S^l 7KAW£-£'5^£(Cj:o-Cft 
ffl-r^Bjf^^fi. 0 4 5l:a*©*77^/<l Oftffi 

[0 04 4] -*-fc*>t>, *SHfe?effi-e«, 045 fc«-r 

»*S*Sfc«><ou— tP3fe (SB 1 <0 ^— 9*3t) ELM 

tStiZls—Fyt (m2<DU-^yt) ML^gt$S2 

[0 0 4 5] i:r^>X% *S?lfiflg!Bli, 1^— ?3tS 1 ^ 

7 7^^A»ffl*¥S2 3^AttL, rco^r-f^^A^ 
ffi*^2 3^3t7r-f^ (il^77^/<) 2 4 0 
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\mfttmft¥&kLx<D7 7<<'<m*imyt^2 sans 

[0 04 6] Lfc^ot, t^3t^l^^^U^U 

So 
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[0 0 4 8] ««£>»g\ fi^&Sifitwffi^e^— 

[0 0 4 9] Lfc^oT, ill^ti5l-^-f3fcE 
L£:7r^AMffl}fr¥^2 3^U3fe77^^2 4 

fiss-ceaH-sfc^ti^ 77-^^3*^*^25^ 20 

■Cfc, 7T-f^Haatffl*^3R25*>P>«*3S»3*-C«) 
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A»ffl^2 3a, 2 3b, -2 3n^Ult* 
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U St07r^^ffl«f^25a, 2 5b, -2 
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Hift»ft^dS»J«^ffiftCtdS^icftoT^* W3L 
I*. C. B. Scruby and L. E. Dr 
ain, "Laser Ultrasonics: T 
echniques and Application 
s" (Bristol :Adam Hi 1 ge r) 19 
9 0^ft^#{g) o 

[0 0 5 3] Z<D£?fj;*7?^y hXm<Df& 

£r/8^T. [£|3(7X&27a, 27b, -27n^J;^: 
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[0062] 2 mmxm<om 1 £^00 m 5 i**3§ 
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[oo63] ^1 m&mn. m 5 ic^-r «t ^ tr- 
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rs^&tfc^B^fs 2 mmmm<om 2 k 

[0067] m2mzm<nm&&&x*m*#)tm¥trtm 

Xte, m7tZ^-t£ 5\Z&$&bK7T<< K/l^3 4 
Srffii^CirJcj;?), ^ 5 J: 9 1*. tfL3 

[0 0 6 8] 7r^^ailtffl^3 5(aot^S 
*t3JCfig»*tLfeu— If f-^li. «ttaE»3«BS^# 

*,77-f^<V K/W3 4«ffi<7)ft{iig«*fS3 lie J; 

ot7 7 ^y • -<p-*tgsi 7\zmmmztiz> 0 z<n 

7 T 7 y • ^ a 1 7 <Dffl»3te«r«te#¥3R 3 2 

2 &tcT W S!3t«a» 3 6 <D*affilc4MEaM- 
SftStt 3 f E#^(DM^ 2 &tc7 l/>f 1*1^ 

W«3 6<Z)#3iu^> ht?«ffl*ixec^{c*D, Sir 

[0 0 6 9] £<D»£\ 2&5£ru>fffi3telfcfcH»3 6 <t 

77^ c c D-fe iftf&m ptib-c*>« 0 



14 

[0 0 7 0] ft**. *2HJfi^lBioJ:Uf«.a!Jg«« x fi 
i£^<t LT5£:7 W*2 QfcS^te^T'f K/^3 

[0071] [ffsmemia H8ii*a«i:«5^ 

XhZ> Q 

[0072] s9fB» i mmmm<o u— r 

10 ^EL^gstee^^ meifi2iiiksttoM-a3K 

[0 0 7 3] -r^t>^, *JOfiJg«tt, H8^-TJ:5 
M 9**E L £ l fettafBc*^>3t7 r 2 4 
AW-r^>^a6o^r^^<Altffi^^2 3 £ x ^ttte^ 
ft L iFftE L £!£1£lE#- 3 ifi#£ <5 1 # £ 

^li«^^^r-f^^2 4<b. l**fett1SSft*eD3te 
77^^24 OSfcStW 3 «J5fe*SJw E L 

8 £ . 9%M L £g9&lE*t 3 £ T-fii^ U 
u~ 1^5feM L 3 *ffifc:*3i* 6^£t/&»£r 7 r 

'<tti*tffl#^3& 30^ T-eai-T S I 
*77-{^29h C(D*77-f^2 90S^^3l 

«■ • LT077-f^lH»ffl*f* 30t 

30 [00 74] ^(D£y{-mf&lstcZk[c£ ^r^f^ 
tWtffl**5R2 5*5J:^3 0^S:att**t3 5S«^R 

[0 0 7 5] [14IM1] H9Ji*»MJ-«5^- 

xhz> 0 

[0076] *mmj&m&. mum 1 mmj&n<n t — -tn 
*EL*eaH-seas3Rfc, tures 2 ^js^^tt-ay* 

40 MLi3j:t5K*t3fePLSrei3|-t--6{g3S*^«:»flau 

[0077] -r**>*> % a 9 tc^-r j: 5 

{- ^"1^3tE L * ^ y—teiKDyt^Hk 3 7 (:: J: t) 3fcKSR 

l^ffiAltffl^^ LT(D7 7^^Altffl3fe^3 9, 
Mf5fe77>f/^U^77>f^4 0, KffllW-* 

50 [0 0 7 8] :oj:5l:i«Lfc»*, «*3S»3^6 
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»*M77^y "<o-*t8»i 7#J:t«ft*ttM§i 

3fca*3fe£ LXAStL. J<iXkt*Z> 9 

u--~ l £ i/-f*K4 (-S*5K«OU-lf5fe8i 

[0 0 7 9] fcis, «rKJ(H— »4Safi*IB«>u— 

So 

[0 0 8 0] MIS*l~JB4|Bfe?B1BeOU-^je 
^ftfc2t3£«l£:fc^X, U-lfft8S4t LXIS. 

*3fe*«ti^JtB-e*)9, ^ONd : YAGl/-f^)S* 
»£&fi<D»*5SB2i«SiKNd : YAGi/-f*W 

[0 0 8 1] [S5»g]il0 (A) , (B) f* 

[0 0 8 2] *Hifijg|Btiu mrism l ~» 4 mmmm<o 

t'-lFIWRfcMBWeis^x* *7 7 ^^24, 2 
9, 4 0^7 7 ^^A«m2 3, 2 8, 3 9£>6^ 
fl*7r^^2 4, 2 9, 4 0i:ilt-*mST*$) 
*:7r^'<ttJ*f3t^2 5, 3 0, 4 1©t<4<tt 

X£>6 0 

[0 0 8 3] -T**?*,, #Hlfe*ffite, ^^r>f^<2 
4, 2 9, 4 0©BiHffllu, «x.tfiai0 (B) {CTfk-t 

*7r-f^f4Hio (A) [c^-Tcfc 54=TC rdsj:tf. 
ML^Attt^^, 3 PLfc, A 

*raB<o«BK#L t. mwa5^*ffisitL xwu 

l^-ft$A££SLX*t£ft3Sl 3X-«lfcH$*u R*fetR 
LfHg±*>,/-f Xirttftfcfc tic, AM^^otu 
-f*Il *>SV^i4teWA»L, 

[0 0 8 4] ^CX\ B10 (B) d^iTJ: 9 fc, :7 T 

L t^«BKJ»L xoaU3t* s Klt*PL*>6l^ttfmi3t 
M L l^-3t«{efi* 5Ct s&sft < . A#fttHN«rJg% 

77>f '<A»flM*& <©K*tfc: <fc -5JK«Sr»^-6 ^ <b ^ pj 

[0085] [js s fffimntoxjew] m 1 1 f±#*w 



16 

ie«« is-vm9m**mmnn&9ammn*mmt: 
[0086] mt^mi-m4mmmm<Du 

— 1T'M*tt**i8«j:*3ir>X* (Hi i(:^ti:^:7 7 
>f^Aatt«®lefeStt=i- hf+#S«P4 3 a, 4 3b 
*«*H^EfiX*«Sixfc#»4 4a, 44b £|3:@ U C 
OSS4 4a, 4 4 bf^^r^iX-ietb^T-r^^O^TC r 
OB$r*lCffi^!8E«4 5 a, 4 5bt*imK% A 
WSB^SSffiRat L t 3o<£ tftH»SBtf>aS®S*l" L x £fB 3 
10 M^r^^t^^o 

[0 0 8 7] **3, 7 7^f^(OAffiJt«Ii:«Slt3- 

^77^^2 3, 2 9^^^^4 

[0 0 8 8] [$6HMi] HI 2tt*f5Mle«5^ 
20 [0 0 8 9] # JlffijgJB-ctiu mrlESg l 4 HJS^ffi 

tf) U-^^fe^^g(Cio^T. 012 l^ti 5 
Sfiffl3t**5i: L-CjeWft^Bje-r-SSffiXttSrW-ffl 

JHt£*6fc«>. ft77^^2 9 t LXttv'^/lHE— K 

[00 9 0] ttdb\ H 1 2 (£*Slt<5g{f 5 Id 

I*. l/4feft«2 1a, 2 1bi>mm£tlZ>bki> 
fflfpjb'-ix^yy 5/^ 7 e. 7f^Rf§nt^ 

30 6o 

[009 1 ]-*, HI, 2, 4, 5, 7, 8, 9 

Lfc ^-IfiMPRtftSSSBtt* g« JBJMMR 5 t 1X7 

HJtLXI^ttl^ 7 7 /!l "<p-«S17» 
5^(:(tt77^^2 9i:Ltl^r7^yTy^ 
^3fe77>f^ ?\s-=ry K-f ^y* v * r 4 

[0092] mmmmm miz u 
5t^77/y -^o-ftfissi 7(Das^^^atH 

LX^LfcfcOXfcSo 

[0 0 9 3] *Hffl^HBXtt. B13 [C^-TJ: 9 {e#fig 
3feRL<D3feK«e. fta'J*ML^3tKi:rai:«t ^:77^f 
^A*tffi***2 8b, *77^f^29b, 7r-f^<ttl 
Jtffl***3 0bdS»l^t^5. 77^ 
U - ^a-*S»i 7S:ffi|«Bl-r*#fiR36RL^ Sg2<D 
)fe77>f^29 ^I^i:37P^tm3^77^ 
so /<C2 9b&a»-rs«fc5ie«/££ixxv>5o 
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[0 0 9 4] Ztl{Z£V^ 77^y • ^D— 7 
[0 0 9 5] [jR8Htt^ffi] Hl4tt*«Wi:««l/ 

[oo96] *mfaxmte. mi 4 i^-tx ? ir u-^ 

[0 0 9 7] JiK<0«iafc*3l^T. is—lfXmifrhX 

McStifc \s — ^t^e l te„ — imi/yX4 6 

^^-r^f ^ n l/y/7 K 4 7 t' t'-A|fit(D 
6 J: ?3fc3§sES£*U W^>'X4 8Tl77>f^2 
[0 0 9 8] C^T\ L— IfftELIi. tfcKWRtv^ 

Z>b. mgl:y^^^y^ii:;)fe77'f^2 4 

[0 0 9 9] Lfc^ot, mi 4t£^£5#«/£iw-r 

^i^t>^<, *7 7 ^/<2 4S:KllS-fr5Ct4 
<, J: 9i^l^*/u=¥— ou— i^TfeE L^:^i^t^^2 30 

[0 10 0] a±RfllfcJ:5l:, *1-JB8S06»1B 
[0 10 1] [*9*JfiJgffi] mi 5 1**389! 

(gr-fe5 0 40 
[0 10 2] !PRR*tJwJ:*3B*«afijSfe-efl. W«E 

[0 10 3] Kf*. t£&£» 

tt3^tS^^ iffi^Sl^2, 900m/se so 
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c . iffittiK! 6, 0 0 0 m/ s e c , «K#j£I*#SJ 

3 , 2 4 0 m/ sec Tr£>£ 0 
[0 10 4] Lfc^ot, *JIJ&g|Bfi, @ 1 

SE«l:db~d.) tH^flvt^ 
[SSl] 

t b =d b /v 
* e = d e/ v 

^^^^Rs^w-r^^y- h 4 9 srfs^ajsa 1 4 
[0105] ? <w*HJ6?gffi-e(i, m^tim^Wi 

C« £ J: tFEfiW- 5 X 5 L fc <D X fo 5 o 
[0106] 1 0 HJBKffi] 016 

i^-fets^Kt^ii o^^str^-r^ci^^ 

[0 10 7] gff/B3fc^S5 3T*1££b£;ft, 

i^tao-c, m?Ltfn$Ly ^ xxtb 
z>t/)\ *>6tMi3t»aasi 3-*H»*jaais«i 4-e* 
£-f 6 y ^ x* s /Ntt;*5fi jff^» e>ttftt ^s^^s 

[oio8] ^ i-m^3g^a 

1 4P^iCS/NJt&S^5 0^iLt*3< C£T% 

ltd «*tf«»^*>a«ftjBc«««rt>oTaA-r* 
[oio9] ^/c. Xia^y-fX^^^oj;^^^ 
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[oiio] £ h^, mm-t^m^&m^K m^m 

[0111] temztitzm^mn^-^iiitiz® 
*z&j££<ik&-tzz.ki>»imx3bz> 0 **3, ^tib<D 10 

[0 1 12] ^(7)J:5i-*^»^T^, {g-^MgiB 

[0113] cm 1 1 mm&m m i 8 «*3gM^«5 20 
*/*ia-cs>«5o 

[0 114] *jefejgffiis. El S^tj:^:^ 

mms 1 a*sj:^5 1 bte:»<ftu ztibmmmms 1 

a*3<fctf5 1 b£, $>e>^C«)|RU:Ltl/-;W5 2±t' 

mmmmsia f 5 1 b^it/u- ^5 21^9^^ 
[0115] ufc*o-c. ffl*MB#* 

[0 116] tK«a6»3^*Bt8P^iB0f^*>'64B^. £> 

Dfc&BLT^fcU— /U5 2KJ:oTW^ffcfitf>« 
[0 1171 SS&t Wl5 1a, SlbJCffiBtfe 

[0 118] *JBK?eiB-ert:. 7r^^Hi» 

^2 5^0^0^3 0^. fiS«<OBg»»»5 1 8*3^^5 
1 b{C««Lfc«*^LfcdS. ^f)^lo^i|)ii 
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[0119] til 2mmmmi mi 9 (a) , (b) 
fi^w^asu'—^aflFftttatssB^jBi zmxam 
(Dm^M&^-tm.wmx2bz> 0 

[0120] ^^3. m 1 9 (a) , (b) «u «nx.tfia 

JS«i363Sfi^ J: o r *HM $ tittr- * <nm^MX&> 5o 
[0121]^ H19 (B) {w«^fttc^LfcJ;5* 

^ffilStt5e»«FWf+i£ (±j£tf> t b ~ t e ) -etifWHf 
-F^IU Ml^oT^fif (y) Kfcl+SffHW 

f-^^il9 (A) ic^-Ti 0*ic 
[0122] £^>;c, s^acwa^o^dsitfei-efc^ 

[0123] (32 0 (A) , (B) li*SS:2»:7cW^ 
froti*%&<Dm^fflXtb 9 . rtttt l &7c«rt::fi0 l 9 

(A) (Oj:5J-»5>ttfc«$ft«^'*3^r. ^t- 
*£*5B*$9S:* 2»C7cftJc*3tELfcfitBi:BH*#Jt " 

fcfc0>t?*>£ o [32 1 (A) , (B) f*H£»HH 

iS*^3&7nWi^Lfc^^^T*fc<?, *I£Bl£ 

[0124] 022 (a) , (b) izmwmzm 

g U^»&<o— Wt?*>-6 0 02 2 (B) {r^-rj:5l-S 
SItt3±C#§F 1, F2, F3d5«Et5S^, 0 
t I ©2^«»T^Lfcg»t?*ffi (y) ^ififfiJttSrWi- 

[0 12 5] «i36««{iffia-r««FBBy- h«: 

si^ttft'e**-f#Ltf. 022 (a) izfjk-t£?\cmm 

[0126] r^i^ ^**lfi*lB"Ctt. «-»«iS3Sfi 

tzm^m&m®nzm&m&mkmmttrtxm. mmh 

[0 12 7] £H±RWlfcJ:5i:, 19-gl 2IW 
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[oi28] cm 1 3 m$mm 023 immmz&z 

[0129] *mmmxn. 023 \c^-rx ? \- 1 — 
%.mm%^%s. ft&tHg 1 3io^t/m#^ 

u—f-'ftE Lm<n7T-('<ttiMm%:^2 5:fcJ;tma'J 
*MLi^7r^f/Wfflm 3 0 frmwmTkrrisifL 

[0 13 0] £/c. U— fXMl* SfSffl3t*3R5. 5fe 

[0 13 1] Lfc#oT> tP*JBl. £ff fflft^ 
ffe^— *£fcfcfc:8Hf38B5 7 a, 5 7 b SrSTisRSO 

• mmmm 5 s tc«ijBgas$n-5o n^BB • mm 

[0 13 2]*fc\ f¥{ffi3£® 1 6 (w^fctfcBSEW 3 33 <fc 

5lcWW!i**-rsr tX\ X V SS*ttAvoiB«tt^g|E 
[0133] Sfc, Bl • MMSII 5 8 tt % «<fcil*fir 

[0134] e«#ai:Lttt±EEaTv*> 

h**R«, *>S^tt«aj|«:iBfflU*:3»c5£TV*^9 

[0135] cm 1 3mmmm(om i a 2 4 « 

[ 0 1 3 6 ] HJ 2 3 fc^riM&gffitt, SS;!^ M»LiI 

H2 4^-rtsijc»««:«iiift#o»*-e*>a 0 
[0137] r<Dii mmxiz. m24 i^-rx 5 

(Mat 5 9i5fc6^i:»i*LT»l**l, C<7)#Lit5 9 
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3*3J:tf«-»«yii£«i 4^m; u~/u^ff^iit 

[oi3 8] ±ie»i 3seft«?ffitpi«, *y 

[0139] ess 1 3 mmm<nm 2 02511 
[0140] m2mmn. mmi&jemizis^x* 

20 i\ C ^ pT*^ 6 l±Sr^fT-r-5«fiiH^^ LT 

fc-C, l^-1f*EL^Ih«*ML<0«j{i*r»«iaE-t-6r 
[0 14 1] rcDJ: 5 ^MW6r<!:X% »«**t3 

[0142] fc*3, mi 3^mMm^xx^t<D^mm 

30 {r*3^x. ««L2*fT-&*5 3ftifOKK6#«±«C»Jl 

1P*"C*>« U'— 1?*E L*5«t^W-JB'J3teML^Ba*tffl:B«: 

» 3 *5 J: tf*8«Ett 3 ±<o«3lEfilcJt*«ffli--5«l3iEfl:« 
Bl3fe#ai:«:1ftitSJ: 5i:Ltt<fc^, 

[01 4.3] *fc, $1 znmtem&&xf*<D&$mm . 
{cioi>T. A#«3assai 4^«tftaiE*f3^-+afe*5j:tf 

[0144] cm 1 4 mmmm] m 2 6 fi**w^«* 

[0 1 4 5] mi 4«MiS(i, a*a£«-3*s»^w^ 
^6 3&>z>wzm*iFftW£%>6 4<Dm&xtb*>, mm 

taSWwTtB*^ — 1P*E L^fiiSJi TYu j i San 
o et. a 1 . "Process and app 
50 lication of shock compres 
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sion by nano— second pulse 
s of frequency — doubled N 
d: YAG laser, "Proc. ofALP 
HA' 9 9 SPIE, Osaka, Novemb 
e r 1 9 9 9¥J X&^btlXl^Z & o t£jFft^<Ds< 

[0146] *HJfi«ffit?tt. 3±fc«*.fc* 
*«SS6 6fi:u-f*Bu g«JB5, 3bttU»i 
3. A#tt3BttBl 4ft4f«rR«U *£a*b#7r'f 

s>5'Vu*3feeay£« 6 5 i^^r^e-r^ r. <h r% 

«-JB*ML-*:|fc3WW*-CiB# % /V^3fefiSgt6 5 
WMSl^i Lfc 7 r >f /^Wffl 3 OXftftm 

ML^m^m-r^>ztx\ S^«-^LT^®^6 3 
[0147] cm i 4 mmnmcnm 1 «*0O 02711 

[0148] «BB«tt. 027 5 l-WIESg 1 

fit* iW6 3ft>5VM4*Frt»iS«i6 4l:iBoT8it 

^d^5/ h 6 71:77^ /Wffl^2 5, 3 0 

£RBU :nf)77^f/«fflt^2 5, 3 

— ^3feEL*5j:t5H-»J5tMLS:5t7r-f^2 4. 2 9ii 

[0149] z<Dis-vm^fe&&$iWzmm'tz>zk 
x\ iW6 3rt*^iae**{*T-c, L^^tKffiffl^ 

aaSSrSb^ftJ-ff 5 rtd^i6i*So **3* £<*>*§ 30 

[0150] cm 1 4 mmmm<om 2ta»«i m 2 8 n 

[0151] *2Bg«fc, 13 2 8 id^-r J; 5 ^«tfti» 

SrRHU 3677>f '<4 OSrJBlvcu— *^*E LCOi^ff 
*5J:t^fl-»*ML<Oi3Sg««:fT5^t-C. *«Btf<ort 

[0 15 2] OKI 5XIKHMm H29 (A) , (B) 

1 0 1 5 3 ] *mmmmn, 029 (a) , (b) 

-Tct 5 t-tft«l**tdSiS« 6 8 ~C£> 9 ^ Z<Dmm 6 8 
Kttil7 0£JftRU - cOS/Lil 7 0±&fefHf*7 1 £r 
itfi^iElcRH U r (D^fT*&*: 7 1 u— 9 s ** l *5 so 
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it/7 7 >f^Wfflm3 0a, 3 0bSrMU{) 

[0 15 4] ±IE^»fig^*J^T. 
SU^-' t^3fcELIi, uyX2, BW«BS7-7 2 
a, 7 2 b«x^Sf7 3-efi£<**U gBf 6 8g 

LfcfrSJftM L ii x (3 5 Ic^Lfcfc 5 *fl*/sScicS<5i>T 
2*(D3t77^^2 9a, 2 9 b -Cfci££ 77-f^ 
£B»fflftf*3 0a, 3 0bt€f6 8ill:IStSn 

[0 15 5] ££T\ 7r^^UWfflft¥3R3 0a, 3 

o b 6 8 tcMipj-rs j: 5 i-Rfi-rtitf , M^te? 

7^^ttl»ffi*fS3 0 at?fiai*Ufcfr»J3teMLOSat 
*P L^C77>f ^Wffl3fefS3 0 a tiftU S 
ffffi^5T^t6^^l^6o (3 2 9 

(A) J: 5 (r. *>S5i«3*fta[S:to"C2o07 

r-Y ^<ajWffi*^3 0 a, 3 0bSrBB«-rtttf. 
>f^M^3 0 a?5^gaW6 4lc«*ai)^BaWS*L 
ffra<J#M L (O jES»J«^«: 7 r -f '<ttl*N?I3fc^ 3 0 

Sft S 7 r ^<ttW*«**3R-efT 5 £ £ fc ^TIBXi*>S. 

[0156] [f 16 ggafcjgffi] 13 3 0 (i*38IH{-«6 

[0 15 7] *HiffiJgffitt,. H3 0{^^f J: 5JwH^u 
LT07tc4 3 ®*«m^--^T^57K t: f 3 iS*n^-/ h 7 4 

r«TV*^7 5 6(CJ; 0zk*T-OftaEff3S*eBi 

[0 15 8] *fc, 77>f^tBltffim2 5feJ:tf3 
Of*. S2ft^~^7 5^J:9tS»«riBt l *)»!). ***** 
ffiBftfc #5, h 7 4^frofc^. 
^ 7 5SrBB»**S£fc-t?, 7r-f^W»ffl**5R2 5 
fcJ:t^3 0 t»«B4«*ffi«|cttJl*^ft-r-5£i:dS-e 

[0159] fc*<Dffiti&m^»&iztti&-rz 
tctb*nmmmx&. mm<omm.^7 6^h^«»7 

7 *m^X7^Mfrv#v h 7 4^r@^$itS£^T% 
S.««lffiS:ff5£fct>Tf#^o tit, «Atf#«ft4f 

— T*E L^ctoTtt*PSttfc*»fi»«w-^ — ^ -t 
COfi©^^mTV^7> 7 5 6-C-^tU-r^£^r% «[Hl(0 
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[0160] cm i 7 m&j&wi] m 3 i n*mmz&% 
^— Fm^&te&mmnDm 1 7 mmmm^-rz/ 

[0161] &mmjtm&. 031 d^-rj: 0 \^#>®l 

[0 16 2] ^rCQfctf). K^»3 <B*UfcJ:3t;i, 10 

m^^^eti 1 o<£*t$^# 3 i^^$tt-6^{c 

Mete. -7T^'<ftftm%:^2 5 

a, 25b, 2 5 0-13^308, 30b, 30c- 
#**4x?>^Bg«fcSixfc3t7r^^2 4 a, 24 

b, 2 4c-loJ:(;2 9a, 29b, 2 9c-tRt 
L, (0*7 7 ^ /^fe«Cltt7 r ^ ^ ^ 
78a, 78b, 7 8 c— *5«fct*7 9 a, 79b, 79 
c-*RBLT*3< 0 ^ttPjttig^bft^iBaft 

[0163] u— if3feEL^eis*r^^^r>r^^ 

2 4Kltt« fBM^r t-C^7r<Y/<=r^^^ 7 8 

[0 164] C<&£ 5 ft^T-f 
^^7 8, 7 9&*:1n?tiy£'7T'('<=**** 7 
8a, 78b, 7 8 c-*5j;tf7 9 a, 79b, 79c 

[0165] [jfS 1 8HJ6Jgffi] 1332 |i**MJC«-5 

[0166] *HJS^ffi(l. 032 5 iCHfTlS^ 

7-f^ttlltffl*¥*2 5a, 2 5 b, 2 5c-*3j;tf3 

0 a, 3 0 b, 3 0c-«^3i:Mlt8 0tO 40 

24a, 24b, 2 4 c - £tf 2 9 a , 29b, 29 

'«D{&mz.Wtm£tltz3t7T 7 8 a, 7 8 

b, 7 8 c-:fc<fcr/7 9 a , 79b, 7 9 c — flu (51? 
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